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Abstract 
The contradiction between economy and environment is a great challenge for resource-dependent city in the process 
of transition to low carbon economy. According to economic development and energy consumption data of Zibo city, 
1999-2009, empirical research of dynamic relationship between economic growth and carbon emissions is made 
based on VAR (Vector autoregression) model with the use of impulse response functions and variance decomposition. 
It is concluded that in resource-dependent cities per capita GDP changes lead to Granger cause changes in carbon 
emissions; economic growth and carbon emissions do not exist inverted U-shaped relationship in the dynamic sense; 
per capita GDP contribute highly to the interpretation of predictive variance decomposition of carbon emissions, 
carbon reduction targets constraint is bound to cause the expense of economic growth to some extent. Therefore, the 
study suggested that in resource-dependent cities carbon reduction potential and the impact on the economy in 
determining carbon target constraints should be fully considered, the attention to harmonious development between 
economic growth and carbon emission reductions should be paid. 
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1. Introduction 
Resource-dependent cities are a special type of cities rely ing on comparative advantage of regional 
mineral resources based on resources development. They have made tremendous contributions to the 
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development of countries or reg ions. However, in  the background of low-carbon economy, resource-
dependent cities are facing enormous pressures of carbon emission reduction. How about is dynamic 
relationship between economic growth and carbon emissions? How to achieve its stable economic g rowth 
under the constraints of carbon reduction targets is a key to sustainable development. 
From the current studies, large numbers of literature studies have shown that the two -way mechanism 
exists between economic growth and environmental quality. Environmental Kuznets Curve  hypothesis 
that the relationship between economic growth and environmental quality or pollution level is similar to 
Kuznets inverted U-shaped relationship between economic growth and income distribution [1]. So after 
Grossman and Krueger (1991, 1995) studied and supported inverted U-type relat ions [2-3]. However, 
Eg li (2002) analyzed the German Environment data and denied the existence of environmental Kuznets U 
inverted curve [4]. Some scholars found that the existence of Environmental Kuznets U inverted curve 
depends largely on the selection of pollut ion indicators and estimation methods . In whole , economic 
growth and environmental quality do or not exist between the inverted U-type with the general rule, the 
conclusion is still very vague.  
Probably because of immature measurement technology for carbon emissions, there are few studies on 
the relat ionship between carbon emissions and economic growth.  Coondoo D et al (2002) tested the 
relationship between income per capita and CO2 emissions by use of time series data on 88 countries [5]; 
some scholars began to studied and verified the relationship between CO2 emissions and economic growth 
in different countries, like A lbrecht Johan et al (2002), Narayan Paresh Kumar (2010), Kawase R (2006), 
Acaravci Ali (2010), Lotfalipour Mohammad Reza (2010), Menyah Kojo (2010) [6-11]. 
In sum, we found that the vast majority of literature studies ignored two -way influence mechanisms 
and dynamic association relationship between economic growth and carbon emissions. So in this paper, 
we adopt VAR model by Sims (1980) proposed to examine the dynamic relations. In addition, as a typical 
resource-dependent city, Zibo City is rich in mineral resources, industry is relatively developed, but 
energy consumption is very large, the issue about carbon reduction of resource-dependent city under rapid 
economic development becomes a research focus. So this study had an empirical analysis of internal 
relations between economic growth and carbon emissions by use of impulse response function and 
variance decomposition techniques  based on VAR measurement technology in order to improve and 
guide coordination development of city's economy and environment. 
2. Research methods and indicators 
2.1   Establishment of model  
VAR model is a dynamic simultaneous equations model. All variab les are treated as endogenous 
variables, each equation has the same exp lanatory variab les, and the lagged explanatory variables are 
treated as explanatory variables. VAR model is not only easy to study the dynamic relationship between 
variables, but also overcomes complex problem brought by the traditional simultaneous equations models 
subject to imperfect economic theory, such as the division, estimation and inference of endogenous 
variables and exogenous variables. 
  General mathematical expression of VAR model is:  
 
t 1 1Y tAY  + 2 2tA Y  +…+ N t NA Y  + tBX + tH                                                                             (1) 
In the above formula, 1 2( , ,... )t t t NtY y y y c  is N-dimensional vector of endogenous variables, 
1 2( , ,... )t t t CtX x x x c  is C-dimensional vector of exogenous variables , N is lag order of the model 
determined by the minimum information criterion (AIC and SC principle) , A1ˈA2ˈ… AN and B are 
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N Nu and N Cu maintain matrices, tH is the N-dimensional error vector and 
satisfies cov( , ) 0( )t d t dH H  z . 
2.2 Description of data sources and indicators  
According to the present study practice of carbon emissions, the paper selected urban per capita GDP 
as a measure indicator of economic growth. Taking into account data availability, the number of patent 
applications is selected as technological innovation indicators. A ccording to famous Kaya formula 
presented in 1990 by Mao Yoich i, a Japanese scholar, the amount of total national carbon emissions is 
equal to population multip lied by per capita GDP, then multip lied by energy intensity, and multip lied by 
carbon intensity of energy use. We calculated from data in  order to obtain city's carbon emissions data, 
and the data is served as an indicator to measure urban carbon emissions. In this paper, Zibo City is 
studied as a typical sample of resource-dependent cities. All data comes from calendar year data of 
“Shandong Statistical Yearbook” and “Zibo Statistical Yearbook”, sample size is 1999-2009, individual 
data were adjusted. In order to reduce the impact  from data fluctuation with estimating  the model, and 
eliminate heteroskedasticit of time series, firstly, per cap ita GDP and carbon emissions were determined 
based processing, the price index effect is eliminated, and then the data through logarithmic treatment is 
respectively represented with LNRJGDP and LNCARBON.  
3. VAR model estimation and results analysis  
3.1   Variable stability test  
Because the data used belong to time series data, at first ADF (Augmented Dickey Fuller) stability test 
should be needed for time series data of variab les in order to get effective test stat istic. Results of 
Augmented Dickey-Fuller test is shown in Table 1. 
As seen from ADF test results of LNRJGDP with 5% and 10% significance level, crit ical values of its 
unit root test are respectively -4.107833 and -3.515047. T test statistic is -3.453091 which is greater than 
the corresponding critical value, and thus it can not reject that LNRJGDP series exists unit root, so 
LNRJGDP series is non-stationary series. From ADF test results of the first difference series of 
LNRJGDP with 5% and 10% significance level, crit ical values of its unit root test are respectively -
3.403313 and -2.841819. Its t test statistic is -3.019026 which is smaller than the corresponding critical 
value, and thus the hypothesis which the first difference series of LNRJGDP has unit root is rejected, so it 
is stationary series. That means the first difference series of LNRJGDP is first-order single-integrity. 
Similarly, as shown from Table 1, we also find the second difference series of LNRJGDP is also 
stationary series. 
As shown from ADF test results of LNCARBON with 5% and 10% significance level, LNCARBON 
series is non-stationary series. However, from ADF test results of the first difference series of 
LNCARBON with 5% and 10% significance level, critical values of its unit root test are respectively -
4.246503 and -3.590496. Its t test statistic is -5.633586 which is smaller than the corresponding critical 
value, and thus the hypothesis which the first difference series of LNCARBON has unit root is rejected, 
so it is stationary series. That means the first difference series of LNCARBON is first-order single-
integrity. Similarly, we also find the second difference series of LNCARBON is also stationary series. 
Table 1 Results of Augmented Dickey-Fuller test 
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Variable ADF test 
statistic 
Test type 5% critical value 10% critical value Conclusions 
LNRJGDP -3.453091 ct0 -4.107833 -3.515047 Non-stationary 
D(LNRJGDP, 1) -3.019026 c02 -3.403313 -2.841819 stationary 
D(LNRJGDP, 2) -2.053797 c00 -1.995865 -1.599088 stationary 
LNCARBON -2.256069 c00 -3.212696 -2.747676 Non-stationary 
D(LNCARBON, 1) -5.633586 ct1 -4.246503 -3.590496 stationary 
D(LNCARBON, 2) -6.137895 c01 -3.403313 -2.841819 stationary 
 
Therefore, the test results from Table 1 shows that LNRJGDP and LNCARBON can not reject  unit 
root process at 5% and 10% significance level, they are non-stationary time series, However, their first 
difference series reject the existence of the unit root of null hypothesis and accept the conclusion there is 
no unit root. So they are all stationary series and first-order single-integrity. Cointegration tests can be 
carried out and also VAR model can be used to describe the impact of the relationship between variables.  
3.2   Cointegration test 
Cointegration test result is shown in Table 2. When the cointegration hypothesized number is 0, test 
statistic value of VAR model which consists of LNRJGDP and LNCARBON is 24.34407, which is 
greater than 0.05 crit ical value, and also 1.803389 <3.841466, therefore, original hypothesis can be not 
accepted, so LNRJGDP and LNCARBON exists positive cointegration relationship between them. This 
indicates that economic growth can lead to the rise in carbon emissions.  
Table 2 Results of Johansen Cointegration test  
Variable Hypothesized 
No. of CE(s) 
Eigenvalue Trace 
Statistic 
0.05 Critical 
Value 
Cointegration 
relations 
LNRJGDP None * 0.918285 24.34407 15.49471 positive 
LNCARBON At most 1 0.181577 1.803389 3.841466  
     *denotes rejection of the hypothesis at the 0.05 level 
3.3   Granger causality test  
In this paper, Granger causality test can make objective judgments on the causal relationship between 
carbon emission and economic growth. From the test results which can be seen in Table 3, when it is 
assumed that LNCARBON does not Granger cause LNRJGDP, it is 0.76357 for probability value which 
is above 0.05, however, when it is assumed that LNRJGDP does not Granger cause LNCARBON, 
probability value is 0.04328 which is s maller than 0.05. This results indicate that there is single-way 
Granger causality between LNRJGDP and LNCARBON, per capita GDP is Granger cause carbon 
emissions changes, but carbon emissions is not Granger cause per capita GDP change. 
Table 3 Results of Pairwise Granger Causality Tests 
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Null Hypothesis: Obs F-Statistic Probability Conclusions 
LNCARBON does not Granger Cause 
LNRJGDP 
 9   0.28878   0.76357 Reject the hypothesis at the 0.05 level 
LNRJGDP does not Granger Cause 
LNCARBON 
  6.66446  0.04328 Accept the hypothesis at the 0.05 level 
3.4 Impulse responses of economic growth and carbon emissions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Response of economic growth and carbon emissions 
As can be seen from Fig. 1 about impulse response function from economic growth to its own, 
increasing of economic growth in the current period has a  positive effect on per capita GDP in the future, 
and shows an increasing trend of positive effect. After three period it  begins to decline until ninth period, 
after that, it  slowly began to rise; From the figure about impulse response function from economic g rowth 
to carbon emissions, increasing of economic growth in the current period has a positive effect on carbon 
emissions, but this effect is not obvious; According to the figure about impulse response function from 
carbon emissions, increasing of carbon emissions in the current period has a uncertain positive effect on 
per capita GDP in the future, it is decreased sharply after second period, the third period becomes brief 
upward, since fourth period it  begins to slowly decline; As shown from the figure  about impulse response 
function from carbon emissions to its own, increasing of carbon emissions in the current period has a 
negative effect on itself in  the future, only during second period it  has rapid  increase, from third period it 
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begins to a slow decline. Th is result reveals that there exists two one-way causal relationships between 
economic growth and carbon emissions, but there is no sense of a dynamic inverted U-shaped relationship. 
3.5   Forecast Variance Decomposition of economic growth and carbon emissions  
Table 4 Variance Decomposition of LNRJGDP and LNCARBON 
 Variance Decomposition of LNRJGDP:  Variance Decomposition of LNCARBON: 
 Period S.E. LNRJGDP LNCARBON  Period S.E. LNRJGDP LNCARBON 
 1  0.015635  100.0000  0.000000  1  0.173318  60.64589  39.35411 
 2  0.033078  99.83267  0.167335  2  0.278492  72.69045  27.30955 
 3  0.051539  99.92512  0.074881  3  0.280136  71.88846  28.11154 
 4  0.067765  99.95667  0.043325  4  0.287660  73.14427  26.85573 
 5  0.082817  99.97091  0.029094  5  0.291142  73.00566  26.99434 
 6  0.096300  99.97688  0.023115  6  0.291678  72.86982  27.13018 
 7  0.107979  99.98131  0.018691  7  0.291875  72.90109  27.09891 
 8  0.118203  99.98390  0.016101  8  0.292047  72.90354  27.09646 
 9  0.127003  99.98529  0.014712  9  0.292582  72.97815  27.02185 
 10  0.134517  99.98645  0.013555  10  0.292862  73.02532  26.97468 
 Cholesky Ordering: LNRJGDP LNCARBON 
 
Table 4 provides the variance decomposition value of per capita GDP and carbon emissions. During 
the changes of per capita GDP, its own affect is 100% in first period, and then becomes to be declined 
gradually. Its own affect is 99.83% in the second period, but after the third period it has a slowly rising 
trend. Its own affect is up to 99.98645% in tenth period. The vo latility of per capita GDP from 0 to 
0.167% can be exp lained fluctuations in carbon emissions, which is gradually rising from first period to 
second period, but after second period the trend begins to decline. From variance decomposition value of 
carbon emissions, the impact on economic growth has a volatility according to per capita GDP, in which 
60.65% ~ 73.14% fluctuations can be explained by the volatility of per capita GDP;  39.35% ~ 26.86% 
fluctuations can be explained by their own carbon emissions fluctuations. 
In conclusion, variance decomposition results can be obviously found that there is higher contribution 
about the interpretation of variance decomposition from per capita GDP to carbon emissions. In contrast, 
there is less contribution about the interpretation of variance decomposition from carbon emissions to per 
capita GDP, the average contribution was only 0.04% and it can almost be ignored. 
4. Conclusions 
Resource-dependent cities are characterized by high carbon emissions significantly, cyclical resource 
development and coupling, long-term, eco logical, complexity, etc, which makes low-carbon transition in 
resource-dependent city is different from general city. Consequently, their carbon emissions status 
becomes undoubtedly not optimistic, double contradiction between carbon emission reduction and 
economic growth is even more prominent. Empirical study can be concluded that: 
Firstly, cointegration test results show that positive cointegration relationship exists between 
LNRJGDP and LNCARBON. The main reason is that resource-dependent city rely  on mainly heavy 
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industry, its tertiary industry is relat ively low, economic growth  is more closely to high -carbon economy, 
so low carbon economy transition can highly-impact economic growth in resource-dependent city. 
Secondly, analysis results by impulse response function illustrates the dynamic relat ionship between 
them: in short term economic growth can make the ro le on carbon emissions with a slow upward trend 
and does not change in long term; carbon emissions cause slow downward with economic growth trend 
and in long term it also will not change. 
Thirdly, variance decomposition results indicate that per capita GDP has the higher contribution to the 
interpretation of the predictive variance decomposit ion of carbon emissions, however, carbon emissions 
has smaller contribution. The analysis reveals that resource-dependent cities are great ly influenced by the 
industrialization; to coordinate the relationship would achieve win-win of economy and environment. 
Empirical analysis of intrinsic link of economic growth and carbon emissions can provide coordination 
development with reference and guidance in resource-dependent cities. However, low-carbon transition in 
resource-dependent cities is a complex and diff icult problem. Relevant government must take the actual 
situation of resource-dependent cities into account, rationally determine carbon emission reduction targets, 
and adopt development model of low-carbon economy which adapt to urban characteristics for the 
purpose of scientific decision-making and guidance. Therefore, it is very necessary to study low-carbon 
transition models and mechanisms in different resource-dependent cities in the future. 
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